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'he energetic part
earth originate from & variety of sources which are being increasingiy
enumerated, In 1972, when the ISEE proposa als were submitted to N
headquarters, two mailn categories of particles were known: galactic

and solar. In addition, very low energy (< 300 keV) particles had

3]

been observed to be coming from the earth's magnetosphere. Since that

time new classes of solar particle emissions nhave been discovered. Fox

example, Hurford et al. (1975) discovered “He-rich events in which the
I3 ]

.3 4. . . . . - .
ratio “He/ 'He sometimes exceeds 1 (as cowmpared to the normal solar ratio
e b - ; - . . .
of n2x107 7)., Unusual iron-rich events have also been discovered (e.g.

‘ovestadt et al,, 1975). Two new sources which have been iden*ifigd
include Jupiter (v3-10 MeV electrons, Teegarden, et al., 1974) and uue
interplanetary medium itself (McDonald er al., 1976; Barnes and Simpson,
1976; Marshall and Stone, 1977). New populations of quiet-time
cles have been identi
well.known, For example, the qulec~time oxygen spectrum has been

found to be anomalous at low energies (Hovestadt, et al., 1973) and

to be such that the oxygen to carbon ratio between V8 and 30 MeV/nucleon
greatly exceeds the ratios observed for solar and galactic ena“getic

¢ ale

articles (McDonald, e 1874). The anomalous oxXygen specirum
2 ./g

-

could be produced by acceleration in the solar wind as originally pro-

\D
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~
]
.

posed by Fisk, et al., 1 g. von Rosenvinge and McDonald 1975;
McKibben 1977). The connection between the anomalous oxygen spectium

and the anomalous He spectrum (Garcia-Munoz et al., 1973) is currently

unclear although both may have the same origin. McDonald et al. (1977

"

ave suggestad a galactic orl

9
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I1. EXPERIMENT DESCRIPTION
Tnis experimént’consists 0f two pairs of telescapes relorred
the Very Low Energy Telescopes (VLETs) and the High Energy Telesc
(HETs). The combined charge, mass and energy intervals covered b
these telescopes are as follows:
(i) ©Nuclei charze and energy spectra: Z = 1-30, energy
range v 1-5G0 MeV/nucleon.
{ii) Isotopes: 2 =1, &M =1 from & - 70 MeV/n
7 =2, &M =1 from 1 - 70 ¥aV/n
7 = 3-7, &AM = 1 from ~30-140 MeV/n
(iii) Electrons: nv 2-10 MeV
(iv) Anisotropies: Z = 1 - 26 (1L - 150 MeV/nucleon for 2 =1
Electrons (~Z-10 MeV )
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The VLETs and HETs are constructed wholly out o
detectors, both the surface barrier and the lithium-drifted types.

This choice is based primarily on their excellent resolution, ionz

established reliability and low weight. By using multi-paramec
analysis over the complete energy range, reducing pathlength variaticas
through the use of curved df/dx devices and minimizing Landau effects

by choosing the thickest dE/dx device appropriate to a givean energy
interval, very great increases in telescope resolution and backzround

Lo lusl

rejection are realized. Both the HET and VLET systems operate in the
self-calibrating dE/dx versus E mode wnere particle-track end points
can be used to conclﬁsively cbtain zbsoclute calibrations., There are
rwo HET telescopes each mounted on the tower on the top of the
spacecraft4and there are two VLET telescopes looking out through
spacecraft facet nuwber 8. The HE systems are wholly
independent of each other. The use of mulitiple telescopes and Lwo
independent systems provides increased veliability and geometry factor.

m — - Dam o = m
Telescone Svster

A, The Very Low Enerzy

The Very Low Energy Telescope Systen is designed to measure the

o
charge composition of low energy nuclei Irvom hydrogen to ironm, The
energy range extends from ~2 MeV/nucleon (nearly independent of charge

due to charge pick-up) to energies which overlap the low energy:

£ e 7 b 3*? S o 1 T T k= 41 L ne T QAo
response of the HET system. He is rvesolvable from He from 1.3 to
7.9 MeV/nucleon. Figure 1 is a schematic drawing of a single VLET

telescope. The detector tnic lesignations (DI, DII,
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E and F) are also shown in Figure 1., Fach telescope has a geomecry



- S o Ny et Tumint zed on i : —~ sur
detector stack is 0.1 mil Xanton twice aluminized on its inner suc—
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face (2350 R) and coatad with Si oxide (3700 &) on its outer surfaca.

This foil serves three fuanctions: 1) to provide detector DI with’

thermal protection from the rocket fairing during launch and from
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Solar heating after launch, 2) to prevent de!
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solar photons and 3) to provide RF shielding from the spacecra
transponder. Detector DI is so thin (%lSuj that it has very little
thermal mass and poor heat conduction to its edges, making it very

heat sensitive. ‘Each VLET has its symmetiry axis lying in the spsace-

craft spin plane (nominalily within +1° of the ec

Each VLET axis is tilted 15 with respect to a normal to facet 8
and in the direction of facet 7 ia order to have a completely Lnobstruc~
teé field of wview.
Figure 2 is & block diagram of the VLET electronics. The pre-
amplifiers have been speciaily designed to have low noise (w75 keVj

for the high detector capacitances of DI and DIl (vi800 pf). Shaping

time constants of 1p sec and the use of bipolar pulses to minimize
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particles per second. I denotes a sum O the DI, DII and

E detectors which is discriminated at two levels, I, and L,. Protous
> 71 2

are unable to cause the I, level to be exceeded; helium nuclel cause

ja-

the Zl level to be exceeded bu 9

“both levels. The electronics initiates pulse~height analysis
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7Z > 1 particles which penetrate tne DI deteclor and come to yest In
E ] - 2 s PR NP [ B Ta 2

either the DIT detector or in the Z detecter. Particles which eanter

oincidence conditions DI/DIT-Z_+F (Z = 2) and DI-DIL-Z_F(Z > 2.
Observe in Figure 2 that there is a set of pulse-height counters

for each event type in each telescope. ~EZach set has a corresponding

th
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output buffer (serial shi At any one time up fo eight
different events can be stored im the counters and output buffers
waiting for readout. A read-out polling system automatically polls
each output buffer in turn to see if it contains am eveat. If so,

this event is read out into telemstry and the polling system then

steps to the mext output buifer. I an output bu

an event the polling system skips over it to the mext output buffer
to see if it contains an event. A null avent 1s vead out only if &ll

the buffers are empty. This accunulation and readout system provides
more efficient colleciion of heavy nuclei during times of high event
rates than previous priority systems. Protons are not pulse~height

analyzed but are rate analyzed. Protons and helium nuclel are both
sectored in the spacecraft spin plans using 6 sector-rate countars,

An internal pulser system not shown in Figure 2 can create events

g
Ll
of each eveat type from each telescope for checking out the electronics

system. A simple command system allows these internal pulsers to be

turned on and off and al
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The VLET systenm weighs 2.63 kg and consumes 2.1 watts.
B, The High Energy Telescope Systen

The High Energy Telescope System is designed to measure tha
energy spectra of eleﬁtrons and a1l elemants from hydrogen to iron
over a broad range of energies. Individuél isotopes can be resolved
up through the isotopes of nitrogen while individual charges are
resolvable up through Z = 20,
single HET telescope. The detector thicknesses, aresas and designa-
tions (Al, A2, B1, B2, Ci, C2, C3, C4& and G) are also shown in
Figure 3.. Al and A2 are thin {(150u) surface barrier detectors, Bl
and B2 are curved ;i—driLted detectors and CL through C4 ave the

central areas of double-grooved Li-drifted cdetectors. BI1 and BZ are

o

double grocves in the C detects
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stitute an anti-coincidence or guard detector (denoted G) surroundine
[+ o

Cl through C4. Accelerator tests indicate that cross~talk between the

central and annular areas is less than one part in 2,000. The G signal

is discriminated at three different levels to prevent difficulties

from this cross—talk and also from knock-on electrons which may enter

the guard.



Each HET telescope 1s double ended with la acceptance an
at each end., In order that thesa acceptance angles be ives fronm
obstructions, the HETs are mounted on the cower on the top of the
spacecraft and with their symmetryy axes ilying in the spacecrait spin-
plane.

Three event types are

"B-Stopping' and "Penet

2 and 3

charact
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A-Stopping

B-Stopping

Penetrating

A
1

or G,

and A

respectively in Fi

erized in Table I:
TABLE
TYPE OF PROTON

ANALYSIS = ENERGY

dk vs E
dx
df vs E 18-70

dx

TRIPLE
dE/dx

SIMPLIT
; e
COINCIDEXCE

CONDITION

9 and stop before reaching C&
particles which enter through B1 and B
"Penetrating' particles penetra
The geometry factors cited in

stack.

telescope.
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A

GEQMETRY ACCERTANCE
FACTOR ANGLE
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For exauple, a linear analog sum 0f the b, 3,, CZ’ C, and C, pulsus
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the SB threshold camnot be exceeded by elactrons and penetraiing prooons

[ws]

ng nuclel with

)

but can be exceeded by stoppi

> 1. In low gain Z > Z

nuclei can trigger $B, SA is used only in low gain and can be produced
only by particles with charge Z > 2. SA and S3 are used in many of

the rate equations in addition to
evenlt types.

The HET electronics has a polling system for reading out pulse~
1 . el I L4 I B N N o N N =R i IT R Ay Ty e -,
ﬂel.gnt data winich is similar to tha:s for the VLIT, A3 SO0OWD AT
Figure 4, there is a read-out buffer for each of the three event types
These buffers arve shared between the two HETs.

Anisotropies will be measured in two complemeniary ways. In

each case the data is divided into eight perts (sectored) according

'53
Fach pulse-height analysis read-out is tagged with ‘:ee octant~
identifier bits. This allows sectoring during gquiet times with the
posgibility of rejecting background events (usually isotropic) on the

basis of pulse~heights. This permits measurement of much smaller
anisotropies (v .1%) than is otherwise possible., During solar active
times, when particles enter a telescope faster than thry can be read

out in telemetry, anisotropies cannot be measured in this way (Roelol

1974)., It is then necessary to sector rates. Generally at these times

background events are negligible and anisotropies are larger than at
culet~times so that sectoring rates is appropriate., Electrons, protons

and helium nuclei will be rate-sectore ring ¢uiet-times andisotropies
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may be measured up to
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cannot be distinguished from backward moving partlcles so that aniso-

A complex command system allows various preamplifiers to be
£ 1 nd Feapnem Aot damanfam et o and et Ao e o
L, terms to De u.e;. 20 LL0m colncidenda/dnil~COoincicenca

equations, setting of fixed gain

read-out for each event type.

04

for the event that certain
other failures occur. When powered on the experiment automatically
comes on in a nominal wmode which preferasbliy will not have to ba
changed.

The HET system has been calibrated at the Lawrence Radlation

Laboratory Bevalac using beams of ¥e” , X and nucliear Iregments

The experiment ground support equipment will be briefly describad

here since it comtained several features which were particulariy helpfcl.

tape drive, two CRT terminals (onaz for displaying data, one as control

terminal), a dual magnetic disk drive, a Textronix 4006 display for

displaying 2-dimensional pulse-neight matrices and histograms, a
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Energy Telescope.

A block diagram of the VLET electronics systx
Shows a schematic cross—sectional view o
Telescope. Trajectories 1, 2 and 3 correspond to three
different event types identified. by the coincidence/
anti-coincidence logic.

A block diagram of the HET electronics system.
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HIGH ENERGY TELESCOPE
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